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SYNTHETIC SILICA GLASS 

10/509029 

TECHNICAL FIELD 

5 The present invention relates to a synthetic silica glass for optical components to be used 

for ultraviolet light source with a wavelength of 150 to 200nm, and a production method 
therefore. More specifically, the present invention relates to a synthetic silica glass for optical 
components, such as lens, prism, photomask, window or pellicle, compatible for 
vacuum-ultraviolet to ultraviolet light from an ArF excimer laser (193 nm), a F 2 laser (157 nm), a 
10 low-pressure mercury lamp (185 nm) or a excimer lamp (Xe-Xe: 172 nm). 

BACKGROUND ART 
A synthetic silica glass has various features, including optical transparency over a wide 
wavelength range from near-infrared to vacuum-ultraviolet light, excellent dimensional size 
15 stability based on extremely small thermal expansion coefficient, and high purity almost free 
from metal impurities. In view of these features, the synthetic silica glass has been extensively 
used as optical components in optical device for conventional g- or i-lines of a light source. 

In recent years, in connection with advances in large-scale integration circuits (LSI), optical 
lithography technologies for fabricating an integrated circuit on a wafer have been required to 
20 realize fine patterns with a narrower line width. In order to cope with this need, the 
developments of an exposure light source emitting sorter wavelengths are being promoted. For 
example, as a light source for lithography steppers an ArF excimer laser or a F2 laser is to be 
used in place of the conventional g-line (436 nm) and i-line (365 nm). 

Further, a low-pressure mercury lamp (185 nm) and an excimer lamp (Xe-Xe: 172 nm) are 
25 used in light enhanced CVD apparatus, silicon-wafer washing apparatus, ozone generators, etc., 
and attempts in applying them to optical lithography technologies are being made. Synthetic 
silica glass is also used for a gas-filled tube for the low-pressure mercury lamp, and the excimer 
lamp or optical components for the above-mentioned optical equipment used for 
short-wavelength light sources. The synthetic silica glass for these optical apparatus is required 
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to maintain optical transparency in the wavelength range of ultraviolet to the vacuum-ultraviolet 
regions and to have a characteristic in which no deterioration of transmittance when a working 
wavelength of light is irradiated (hereinafter referred to as "ultraviolet-light resistance"). 

However, when a conventional synthetic silica glass is irradiated with light from a 

5 high-energy light source, such as ArF excimer laser or a F 2 laser, a new absorption band is 
induced in the ultraviolet wavelength region to cause deterioration of transmittance in a working 
wavelength range, resulting in poor ultraviolet-light resistance as optical components to be used 
in optical apparatus using an ArF excimer laser or a F 2 laser as a light source. 

More specifically, it is known that the irradiation with ultraviolet light, such as ArF excimer 

10 laser or F 2 laser, for a long period of time, induces absorption bands having a center wavelength 
of 214 nm, so-called E' center (= Si •) (hereinafter referred to as "214 nm absorption band"), and 
an absorption band having a center wavelength of 260 nm, so-called NBOHC (non-bridging 
oxygen hole center or non-bridging oxygen radical: = Si - O •) (hereinafter referred to as "260 
nm absorption band"). These absorption bands lead to deterioration of optical transmittance 

15 over a wide wavelength range of 190 to 280 nm. Moreover, through the long-time irradiation 
with ultraviolet light, the optical transmittance is further deteriorated in the wavelength range of 
155 to 190 nm apart from the wavelength centers of the above-mentioned absorption bands, 
resulting in the poor ultraviolet-light resistance as optical components used for optical devices 
for a light source having the above wavelength range. 

20 Recently, there has been made an invention relating to a synthetic silica glass which has an 

OH group at a concentration of 10 ppm or less, a hydrogen molecule at a concentration of less 
than 1 x 10 17 molecules/cm 3 , and substantially no reduction type defect, wherein the variation in 
absorption coefficient in the wavelength range of 150 to 200 nm is 0.2 cm or less even after the 
synthetic silica glass is irradiated with ultraviolet light having a wavelength of 172 nm with an 

25 energy density of 10 mW/cm 2 or 10 kJ/cm 2 (Japanese Patent Laid-Open Publication No. 
2001-180962). 

DISCLOSURE OF INVENTION 
It is an object of the present invention to provide a synthetic silica glass capable of 
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exhibiting excellent resistance to ultraviolet light with a wavelength of 150 to 190 nm when 
incorporated in a device using ultraviolet light with a wavelength of 150 to 190 nm as a light 
source. 

Through intensive analytical researches on ultraviolet-light resistance, the inventors had 

5 novel knowledge that an absorption band having a center wavelength of 180 nm due to NBOHC 
(hereinafter refereed to as "180 nm absorption band") exists as one of the absorption bands 
created in a synthetic silica glass in addition to the 214 nm absorption band and the 260 nm 
absorption band. The inventors also found that the deterioration of optical transmittance in the 
wavelength range of 150 to 190 as the result of the irradiation with ultraviolet light is attributable 

10 mainly to the generation of NBOHC, and can be suppressed only if the concentration of NBOHC 
to be generated is reduced to a given value or less, specifically by controlling each of the 
concentrations of OH group and oxygen-excess type defect (= Si - O - O - Si =) in the synthetic 
silica glass at a given value. 

Specifically, the present invention provides a synthetic silica glass for use with light having 

15 a wavelength of 150 to 200 nm, which has an OH group at a concentration of less than 1 ppm, an 
oxygen-excess type defect at a concentration of 1 x 10 16 defects/cm 3 or less, a hydrogen 
molecule at a concentration of less than 1 x 10 17 molecules/cm 3 , and a non-bridging oxygen 
radical at a concentration of 1 x 10 16 radicals/cm 3 or less in the state after the synthetic silica 
glass is irradiated with light of a xenon excimer lamp having an irradiance of 10 mW/cm 2 and 3 

20 kJ/cm 2 . 

The present invention further provides a synthetic silica glass for use with light having a 
wavelength of 150 to 200 nm, which has an OH group at a concentration of less than 1 ppm, an 
oxygen-excess type defect at a concentration of 1 * 10 16 defects/cm 3 or less, a hydrogen 
molecule at a concentration of less than 1 x 10 17 molecules/cm 3 , and a non-bridging oxygen 
25 radical at a concentration of 1 x 10 16 radicals/cm 3 or less in the state after the synthetic silica 
glass is irradiated with light of an F 2 laser by 10 7 pulses at an energy density of 10 mJ/cm 2 /pulse. 

The relationship between the concentration of NBOHC: Cnbohc (radicals/cm 3 ), and a 180 
nm absorption coefficient a i 8 o (cm -1 ) is derived by the following formula (1): 
Cnbohc (radicals/cm 3 ) = 2.4 x 10 17 x al80 (cm" 1 ) (1) 
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Thus, if the concentration of NBOHC is reduced to 1 * 10 16 radicals/cm 3 or less, the 
generation of the 180 nm absorption band can be suppressed to obtain excellent ultraviolet-light 
resistance. 

The OH group in the synthetic silica glass is transformed to NBOHC by the irradiation with 
5 ultraviolet light according to the following formula (2) to not only cause deterioration of 
ultraviolet-light resistance but also have adverse affect on initial optical transmittance. Thus, it 
is desired to minimize the concentration of OH group in the synthetic silica glass. Specifically, 
the concentration of OH group is preferably set at 1 ppm or less. 

= Si - OH + h v = Si - O • + • H (2) 
10 The oxygen-excess type defect in the synthetic silica glass means the structure of = Si - O - 

O - Si =. As with the OH group, the oxygen-excess type defect is transformed to NBOHC by 
the irradiation with ultraviolet light according to the following formula (3) to cause deterioration 
of ultraviolet-light resistance. Thus, it is desired to minimize the concentration of 
oxygen-excess type defect in the synthetic silica glass. Specifically, the concentration of 
15 oxygen-excess type defect is preferably set at 1 x 10 16 defects/cm 3 or less. 

= Si-0-0-Si = + hv — 2 = Si - O • (3) 
The concentration of oxygen-excess type defect in the synthetic silica glass can be 
evaluated by subjecting the synthetic silica glass to a thermal treatment in a hydrogen-containing 
atmosphere so as to substituting the oxygen-excess type defect with a SiOH group. A specific 
20 evaluation process will be described below. A synthetic silica glass sample having a thickness 
of 10 mm is held under a 100 % hydrogen-gas atmosphere of 1 atm at a temperature of 1000°C 
for 50 hours. Before and after this treatment, measurements using an infrared 
spectrophotometer are performed to determine the variation AOH (weight ppm) in the 
concentration of OH group based on an absorption peak-intensity at a wavelength of 2.7 urn (Cer. 
25 Bull., 55 (5), 524, (1976)) and calculate the concentration of oxygen-excess type defect: C PO l 
(defects/cm 3 ), according to the following formula (4): 

Cpol (defects/cm 3 ) = 3.68 x 10 16 x AOH (weight ppm) (4) 
The concentration of hydrogen molecule in the synthetic silica glass of the present 
invention is preferably set at 1 x 10 17 molecules/cm 3 or less. If the concentration of hydrogen 
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molecule in the synthetic silica glass is greater than 1 * 10 17 molecules/cm 3 , an oxygen-deficit 
type (reduction type) defect will be generated by the irradiation with ultraviolet light. The 
defect having an optical absorption band with a center wavelength of 163 nm causes significant 
deterioration of ultraviolet-light resistance. 

5 In addition, the oxygen-deficit type defect (= Si - Si =) in the synthetic silica glass having 

the optical absorption band with a center wavelength of 163 nm undesirably causes deterioration 
of initial optical transmittance. Specifically, the concentration of oxygen-deficit type defect is 
preferable set at 1 * 10 14 defects/cm 3 or less. 

In the present invention, metal impurities (alkali metal, alkali earth metal, transition metal, 

10 etc.) and chlorine in the synthetic silica glass causes not only deterioration of transmittance in 
vacuum-ultraviolet to ultraviolet wavelength ranges but also deterioration of ultraviolet-light 
resistance. Thus, it is desired to minimize the contents of metal impurities and chlorine. The 
content of metal impurities is preferably 100 ppb or less, particularly 10 ppb or less. The 
content of chlorine is preferably 100 ppm or less, more preferably 10 ppm or less, particularly 1 

15 ppm or less. 

The optical synthetic silica glass of the present invention may be prepared through a direct 
synthesis method, a soot deposition method (VAD process, OVD process) or a plasma process. 
In particular, the soot deposition method is preferable because it can control the concentration of 
OH group in the synthetic silica glass relatively readily and perform a synthetic process at a 
20 relatively low temperature to advantageously avoid the incorporation of chlorine and metal 
purities. 

BEST MODE FOR CARRYING OUT THE INVENTION 
[Inventive Examples & Comparative Examples] 
25 Hexamethyldisilazane used as a row material was hydrolyzed in an oxyhydrogen flame to 

form fine silica particles, and the obtained silica particles were deposited on a substrate to 
prepare a porous silica glass body (diameter: 300 mm, length: 600 mm). This porous silica 
glass body was placed in an electric furnace capable of controlling atmosphere, and heated up to 
a temperature of 1450°C under an atmosphere as shown in Table 1 to obtain a transparent silica 



-5- 



glass body (diameter: 200 mm, length: 300 mm). 

A sample (diameter: 200 mm, length: 20 mm) was cut out from the central region of the 
obtained transparent silica glass body, and subjected to a post-treatment under the conditions as 
shown in Table 1 . Further, several samples of 20 mm □ x 10 mm thickness and several samples 
5 of 20 mm □ x 30 mm thickness were cut out from the central region of the transparent silica 
glass body, and two surfaces of 20 mm □ were mirror-polished to prepared evaluation samples. 

Each of evaluations was performed using the evaluation samples. 

[Concentration of OH group] 

The sample of 10 mm thickness was measured using an infrared spectrophotometer to 
10 determine the concentration of OH group based on an absorption peak at a wavelength of 2.7 ^m 
(Cer. Bull., 55 (5), 524, (1976)). A detection limit in this process is 0.1 weight ppm. 
[Concentration of Hydrogen Molecule] 

The sample of 10 mm thickness was subjected to a Raman Scattering analysis to calculate 
the concentration of hydrogen molecule (molecules/cm 3 ) based on the intensity ratio (= Lueo/Isoo) 

15 of an intensity L^o detected based on a scattering peak at 4135 cm" 1 to a scattering peak 
intensity I 8 ooat 800 cm" 1 which is a fundamental vibration of silicon - oxygen bond, in a Raman 
spectrum (V. S. Khotimchenko, et al., Zhurnal Prikladnoi Spektroskopii, Vol. 46, No. 6, pp. 
987-997, 1986). A detection limit in this process is 3 x 10 16 molecules/cm 3 . 
[Concentration of Oxygen-Excess Type Defect] 

20 The sample of 10 mm thickness was held under a 100% hydrogen-gas atmosphere of 1 atm 

at a temperature of 1000°C for 50 hours. Before and after this treatment, measurements using 
an infrared spectrophotometer were performed to determine the variation AOH (weight ppm) in 
the concentration of OH group based on an absorption peak-intensity at a wavelength of 2.7 nm 
(Cer. Bull., 55 (5), 524, (1976)) and calculate the concentration of oxygen-excess type defect: 

25 Cpol (defects/cm 3 ), according to the formula (4). A detection limit in this process is 1 x 10 16 
defects/cm 3 . 

[Concentration of Oxygen-Deficit Type Defect] 

The respective transmittances of the sample of 10 mm thickness and the sample of 30 mm 
thickness at a wavelength of 163 nm were measured using a vacuum-ultraviolet 
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spectrophotometer (VTMS 502: Acton Research Co.), and the concentration of oxygen-deficit 
type defect: Codc (defects/cm 3 ), was calculated according to the following formula (5): 

Codc = 4.5 x 10 15 x In (T 10 /T 3 o) (5) 
, wherein Tio is a transmittance (%) of the sample of 10 mm thickness at a wavelength of 163 nm, 
5 and T 30 a transmittance (%) of the sample of 30 mm thickness at a wavelength of 163 nm. 
A detection limit in this process is 1 * 10 14 defects/cm 3 . 
[Initial Transmittance & Light Resistance] 

The sample of 10 mm thickness was irradiated with light of a xenon excimer lamp (center 
wavelength: 172 nm, energy density: 10 mW/cm 2 ) for 100 hours, and the respective 
10 transmittances of the sample before and after the irradiation were measured using a 
vacuum-ultraviolet spectrophotometer (VTMS 502: Acton Research Co.) and an ultraviolet 
spectrophotometer (U 4000: Hitachi, Ltd.) to evaluate the respective initial transmittance before 
and after the irradiation at a wavelength of 172 nm. 

Further, ultraviolet-light-irradiation-induced absorption coefficient Act (X) in the wavelength 
1 5 range of 1 50 to 400 nm according to the following formula (6): 

Aa (X) = In (Tbef (X) /T aft (X)) (6) 
, wherein Aa (X) is an ultraviolet-light-irradiation-induced absorption coefficient at a 

wavelength X nm (cm" 1 ), 

Tbef (X) is an absorption coefficient before the irradiation of ultraviolet light at a 

20 wavelength X nm (%), and 

T a ft (X) is an absorption coefficient after the irradiation of ultraviolet light at a 

wavelength X nm (%). 

Then, absorption spectra obtained from the samples having no detected oxygen-deficit type 
defect were subjected to a curve fitting analysis using three Gaussian functions based on center 
25 wavelengths of 180 nm, 220 nm and 260 nm to calculate an absorption intensity Aa (180 nm) 
(cm -1 ) in the 180 nm absorption band, and the concentration of NBOHC: C N BOHc(radicals/cm 3 ), 
was calculated according to the formula (1) and evaluated. 

The evaluation result is shown in Table 1 . The samples 1 0 and 1 1 correspond to Inventive 
Example, and the remaining samples correspond to Comparative Examples. In the sample 10, 
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the concentration of NBOHC is 4.9 x 10 l5 /cm 3 , and a transmittance at a wavelength of 172 nm 
after the irradiation with light of the xenon excimer light is 86.9 % which is deteriorated only 
slightly as comparted to a transmittance of 88.9 % before the irradiation. Similarly, the sample 
11 has a transmittance of 86.8 % after the irradiation which is deteriorated only slightly as 
5 comparted to a transmittance of 89.0 % before the irradiation. In Comparative Examples, while 
the sample 6 has a relatively low concentration of NBOHC, it has a high concentration of OH 
group. The sample 1 has a high concentration of oxygen-deficit type defect. The samples 6 
and 1 have a relatively large deterioration of transmittance, and the remaining Comparative 
Examples have a significantly large deterioration of transmittance. 
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Table 1 



Sample 


Atmosphere 

in transparent-glass 

forming process 


Condition of 
post -treatment 


Concentration of 
OH group 

[ppm] 


Concentration of 
hydrogen molecule 

j£EO 


Concentration of 
oxygen-excess type 
acicvi 

* 


1 


Cl 2 /He = 2/98% 
101 kPa 


w/o 

post-treatment 


< U.l 




< 1 x 10 


2 


H 2 = 100% 
101 kPa 


w/o 

post-treatment 


< U. 1 


9 x in 18 

Z * IU 


< 1 x 10 16 


3 


0 2 /He — 10/90% 
101 kPa 


w/o 

post-treatment 


1 An 


<: « x 1ft 16 


2 x 10 17 


4 


0 2 /He = 5/95% 
101 kPa 


w/o 

post-treatment 


1 s(\ 


< s x in 16 


8 x 10 16 


5 


t i -i a An / 

He = 100% 
101 kPa 


w/o 

post-treatment 


lOU 


< 5 x io 16 


< 1 x io 16 


6 


He = 100% 
100 Pa 


w/o 

post-treatment 


O. J 


< 5 x 10 16 


< 1 x io 16 


7 


it i r\ AO / 

He = 100% 
10 Pa 


ri 2 lUUTb, i atm 
200 hr 




2 x 10 17 


< 1 x io 16 


8 


He = 100% 
10 Pa 


H 2 100%, 10 atm 
200 hr 


0.7 


2 x 10 18 


< 1 x 10 16 


9 


He - 100% 
10 Pa 


0 2 100%, 1 atm 
200 hr 


0.4 


<5 x 10 16 


2x 10 18 


10 


He= 100% 
10 Pa 


w/o 

post-treatment 


0.6 


<5 x 10 16 


< 1 x 10 16 


11 


SiF4/He=5/95% 
101 kPa 


w/o 

post-treatment 


<0.1 


<5 x io 16 


< 1 x io 16 



(Table 1 continued) 



Sample 


Concentration of 
oxygen-deficit type 
defect 
fcm 3 1 


Transmittance 
at 172 nm 
before irradiation 
(%) 


Transmittance 
at 172 nm 
after irradiation 
(%) 


Concentration of 
NBOHC 

fcm 3 ] 


1 


9 x 10 14 


84.2 


79.2 


un-evaluated 


2 


2 x 10 14 


81.8 


23.3 


un-evaluated 


3 1 


< 1 x 10 14 


88.0 


56.4 


9.6 x 10 16 


4 


< 1 x 10 14 


88.9 


62.7 


7.5 x 10 1& 


5 


< 1 x 10 14 


88.8 


68.3 


5.6 x 10 1 * 


6 


< 1 x 10 14 


88.9 


80.2 


2.2 x 10 16 


7 


< 1 x 10 14 


88.8 


57.9 


un-evaluated 


8 


< 1 x 10 14 


89.0 


21.4 


un-evaluated 


9 


< 1 x 10 14 


88.3 


75.1 


3.5 x I0 io 


10 


< 1 x 10 14 


88.9 


86.9 


4.9 x IO 1 * 


11 


< 1 x 10 14 


89.0 


86.8 


5.4 x 10 15 



